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The tr-subunit of RNA polymerase is responsible for promoter recognition in prokaryotes [(1969) Nature 
221, 43-46]. Alterations in the a-subunit are thought o be involved in controlling 'global' changes in gene 
expression, such as those involved in differentiation i  the spore-forming bacterium Bacillus subtilis [(1981) 
Cell 25, 582-584]. Stragier et al. [(1985) FEBS Lett. 195, 3-11] have proposed that a-factors are composed 
of two domains: aC-terminal domain involved in promoter recognition and an N-terminal domain involved 
in interactions with RNA polymerase. We have sequenced another developmental gene from B. subtilis, 
spollIC, and the strong homology of its predicted product suggests that it too may be a a-factor. However, 
the spollIC product is small and lacks completely the conserved N-terminal domain of the ~r-subunits. I 
propose that the product of the spollIC gene may carry out the DNA-recognition functions of a a-factor 
but that it probably requires an auxiliary factor to interact with core RNA polymerase. 
RNA polymerase; Sigma factor; Sporulation; (Bacillus ubtilis) 
1. INTRODUCTION 
A single type of RNA polymerase is responsible 
for transcription i  prokaryotes. The catalytic ore 
enzyme is composed of four large subunits" two ~- 
subunits (Mr - 40000),/3- (Mr - 155 000) and~"-  
(Mr - 160000). Initiation of transcription is con- 
trolled by a fifth subunit, a, which is not required 
for elongation and which dissociates from the 
complex soon after initiation. In Bacillus subtilis, 
in addition to the major form of a found in 
vegetative cells (a43), a number of minor forms 
have been identified by their stimulatory effect on 
transcription from specific promoter sequences in 
vitro [4-7]. Others have been tentatively identified 
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on the basis of strong homologies between their 
predicted amino acid sequences and those of 
known a-subunits [8]. Although B. subtilis has by 
far the widest range of known a forms at the mo- 
ment, multiple forms of a have been identified in 
other prokaryotes, notably Escherichia coli and 
Klebsiella, where they have been shown to control 
genes involved in the heat-shock response and in 
nitrogen regulation [9]. The major form of a is 
highly conserved in B. subtilis and E. coli [10]. On 
the basis of a comparison of the sequences of these 
and related a-factors, Stragier et al. [3] have 
recently proposed that there are two conserved 
functional domains in a-factors. The C-terminal 
conserved omain contains the consensus a-helix- 
turn<e-helix motif, which is characteristic of a 
range of prokaryotic proteins capable of site- 
specific DNA-binding [11]. The presence of this 
structure prompted Stragier et al. [3] to propose 
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that the C-terminal domain of the ~r-factors i in- 
volved in promoter ecognition. By elimination, 
Stragier et al. [3] also proposed that the conserved 
N-terminal domain might be involved in interac- 
tions with core RNA polymerase. More recently, a
region of ~r30 involved in recognition of the ' - 10' 
region of the spo VG promoter has been identified 
by the location of an amino acid alteration that 
suppresses a specific promoter-down mutation 
(Losick, R., personal communication). The con- 
served ce-helix-turn-oe-helix motif near the C- 
terminus of the ~r-factors i thus now thought o be 
involved specifically in the recognition of ' -35 '  
promoter sequences. 
It seems likely that development in B. subtilis is 
controlled, at least in part, by changes in the ~r- 
subunit of RNA polymerase [2]. Many of the 
regulatory genes involved in this process have been 
identified by the sites of mutations (spo) that have 
a highly pleiotropic effect, often causing a com- 
plete block in development [12]. However, only 
three of the 23 or so spo genes that have been se- 
quenced so far appear to encode ~r-factors, on the 
basis of either sequence homology or function 
[13]. As part of a continuing effort to identify the 
functions and regulation of the spo genes, we have 
recently characterised, in terms of expression and 
nucleotide sequence, the spolI IC gene ([14], Er- 
rington, J., Rong, S., Rosenkrantz, M.S. and 
Sonenshein, A.L., submitted). In this report I 
discuss the relationship between the predicted 
product of the spolI IC gene and the family of ~r- 
factors and its implications for ~r-function. 
2. RESULTS AND DISCUSSION 
The predicted product of the spolIIC gene (Er- 
rington, J., Rong, S., Rosenkrantz, M.S. and 
Sonenshein, A.L., submitted) was compared with 
the NIH Protein Sequence Database and a single 
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Fig. 1. Alignment of six a-like proteins from B. subtilis. The standard one-letter amino acid notation is used. Numbers 
at the beginning of each line refer to the first amino acid residue in that line. Gaps, indicated by hyphens, were intro- 
duced to maximise the alignment. A solid bar overlies the conserved o~-helix-turn-o~-helix motif characteristic of many 
prokaryotic DNA-binding proteins and thought o be involved in recognition of the - 35 regions of promoters. The 
asterisk indicates the location of the threonine to isoleucine alteration that may indicate the location of a - 10 promoter 
specificity determining region in ~r3o (Losick, R., personal communication). Vertical ines of amino acids are boxed when 
the majority of members in a line are identical or represent conservative substitutions. Conservative substitutions are 
defined as those involving pairs of amino acids from the following groups: A and G; D and E; F and Y; I, L, M and 
V; K and R; N and Q; S and T. Sequence information was taken from the following references [8,10,19-21]. The 030 
sequence is that of B. licheniformis and was kindly provided by Dr I. Smith. 
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significant homology was obtained to the major 
form of 0.-factor from E. coli. The major form of 
0. found in vegetative cells of B. subtilis and the 
other minor forms of 0. in this organism were not 
included in the database but examination of their 
sequences indicated that the spoIllC product was 
also homologous to them. A preliminary align- 
ment was obtained by analysis of each pair of pro- 
tein sequences in turn by a dot-matrix computer 
programme, DIAGON [15]. The programme 
ALIGN (the alignment score programme of the 
Protein Identification Resource) was then used to 
compare ach pair of sequences with regard to the 
significance of the homology and to determine the 
introduction of gaps. The spoIIIC product showed 
significant homology to all of the sequences. For 
example, the mean alignment score for 100 ran- 
dom sequences of the same length and composition 
as the products of spolIIC (all residues) and 
spolIG (residues 113-239) was 816.04, with a stan- 
dard deviation (SD) of 15.58. The score for the 
aligned proteins was 1019, 13.03 SDs above the 
mean score, indicating a highly significant similari- 
ty between the sequences (P< 10-6). It is clear 
from the alignment shown in fig. 1 that the spolIIC 
product is very closely related to the family of 
genes. It aligns particularly well with the o29 se- 
quence throughout i s length, except for 6 residues 
at the N-terminus and 12 at the C-terminus. It was 
not necessary to introduce any gaps between 
residues in order to align this pair of sequences. 
We have previously commented upon the extensive 
gene duplication that is evident now that a number 
of developmental genes in B. subtilis have been 
characterised [8]. The structure of spolIIC is 
highly suggestive of an origin by partial gene 
duplication, and spolIG (encoding 0"29) seems the 
most likely candidate for an immediately ancestral 
gene. The spoIIIC sequence is, however, unusual 
in that it is much shorter than the other 0.-subunits; 
of the two putative domains distinguished in this 
family of proteins (see above), it contains only the 
C-terminal segment. Nevertheless, the spolIIC 
product must be functional, as mutations in it have 
very strong pleiotropic effects on sporulation [12]. 
It thus seems likely that the putative C-terminal 
region of the 0.-subunits does represent a separate 
domain and it is presumably responsible for pro- 
moter recognition by site-specific DNA-binding. 
Note that the threonine to isoleucine alteration 
that confers an altered -10  promoter specificity 
on o~3o (see above and fig.l) lies within the region 
of homology to the predicted spolIIC product, 
though rather near its N-terminus. The fact that 
the predicted product shows strong homology to 
the other 0.-subunits throughout i s length suggests 
that its function is specifically related to that of the 
0.-factors, rather than to the general class of DNA- 
binding proteins: activators and repressors. 
One way to avoid the problem of core 
polymerase interaction by the rather truncated 
spolllC product, if that is the function of the miss- 
ing N-terminal domain, would be to suppose that 
it interacts with a second protein capable of 
mediating this function. Support for the concept 
of separating the host 0.-factors into two com- 
ponents is provided by bacteriophage SPO1 of B. 
subtilis, in which the 'late' genes are controlled by 
the products of two genes, 33 and 34, that act 
synergistically with 0.-like activity [16]. However, 
neither of these products resembles that of spolIIC 
in overall structure. 
On the assumption that the proposed model is 
correct, which other sporulation gene products 
might interact with that of spollIC? Although 
none of the sporulation genes that have been se- 
quenced appear to have a suitable structure, muta- 
tions in several distinct developmental genes, 
spolVC, spolVD and spolVE, give phenotypes 
that are indistinguishable from those produced by 
spolIIC mutations [12], as might be expected if 
one or more of their gene products were to act in 
concert with that of spo11IC. Clarification of the 
true relationships between the products of these 
genes must, however, await their characterisation 
in molecular terms but at least one of them, 
spolVC, has been cloned by several groups [17,181. 
The separation of 0.-polypeptides into two domains 
capable of acting independently would further 
complicate the problem of developmental gene 
regulation in B. subtilis and may have important 
implications for studies of gene regulation in other 
prokaryotes. 
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